In aquatic food webs, consumers, such as daphnids and copepods, differ regarding their accumulation of polyunsaturated fatty acids (PUFAs). We tested if the accumulation of PUFAs in a seston size fraction containing different consumers and in Daphnia as a separate consumer is subject to seasonal changes in a large deep lake due to changes in the dietary PUFA supply and specific demands of different consumers. We found that the accumulation of arachidonic acid (ARA) in Daphnia increased from early summer to late summer and autumn. However, ARA requirements of Daphnia appeared to be constant throughout the year, because the accumulation of ARA increased when the dietary ARA supply decreased. In the size fraction .140 mm, we found an increased accumulation of docosahexaenoic acid (DHA) during late summer and autumn. These seasonal changes in DHA accumulation were linked to changes in the proportion of copepods in this size fraction, which may have increasingly accumulated DHA for active overwintering. We show that consumer-specific PUFA demands can result in seasonal changes in PUFA accumulation, which may influence the trophic transfer of PUFAs within the food web.
In aquatic food webs, consumers, such as daphnids and copepods, differ regarding their accumulation of polyunsaturated fatty acids (PUFAs). We tested if the accumulation of PUFAs in a seston size fraction containing different consumers and in Daphnia as a separate consumer is subject to seasonal changes in a large deep lake due to changes in the dietary PUFA supply and specific demands of different consumers. We found that the accumulation of arachidonic acid (ARA) in Daphnia increased from early summer to late summer and autumn. However, ARA requirements of Daphnia appeared to be constant throughout the year, because the accumulation of ARA increased when the dietary ARA supply decreased. In the size fraction .140 mm, we found an increased accumulation of docosahexaenoic acid (DHA) during late summer and autumn. These seasonal changes in DHA accumulation were linked to changes in the proportion of copepods in this size fraction, which may have increasingly accumulated DHA for active overwintering. We show that consumer-specific PUFA demands can result in seasonal changes in PUFA accumulation, which may influence the trophic transfer of PUFAs within the food web.
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I N T RO D U C T I O N
Herbivorous zooplankton provides an important ecological link between primary producers and higher trophic levels transferring energy and essential biochemicals in aquatic ecosystems. This trophic transfer varies seasonally with plankton succession and can be affected by the biochemical composition of the food (Gaedke and Straile, 1994; Gladyshev et al., 2011) .
Several polyunsaturated fatty acids (PUFAs) have been discussed as essential biochemicals potentially limiting growth and reproduction of herbivorous zooplankton in the pelagic food web. PUFAs are structural components of cell membranes and serve as precursors for various bioactive molecules, e.g. eicosanoids (Stanley, 2000; Heckmann et al., 2008) . PUFAs are thus important for the fitness of consumers, influencing somatic growth, reproduction, immune responses and adaptation to environmental changes (Heckmann et al., 2008; Schlotz et al., 2012) . In general, PUFA accumulation (quotient of PUFA concentration between plankton size fractions) was found to increase from small seston particles to zooplankton (Kainz et al., 2004; Kainz et al., 2009; Mariash et al., 2011) . However, several studies found that the accumulation of PUFAs strongly differs between cladocerans and copepods. While cladocerans clearly accumulate eicosapentaenoic acid (EPA) from their food, copepods strongly accumulate docosahexaenoic acid (DHA) (Persson and Vrede, 2006; Smyntek et al., 2008; Burns et al., 2011; Mariash et al., 2011) . Arachidonic acid (ARA) is usually accumulated much more in cladocerans than in copepods (Persson and Vrede, 2006; Smyntek et al., 2008; Kainz et al., 2009 ). a-linolenic acid (ALA) was found to be accumulated to the same degree in both zooplankton groups (Smyntek et al., 2008; Kainz et al., 2009) .
EPA is very important for freshwater cladocerans; it affects somatic growth and in particular reproduction (Müller-Navarra, 1995; Von Elert, 2002; MartinCreuzburg et al., 2010) . Recently, there has been evidence that ARA supports Daphnia reproduction similarly to EPA, suggesting that these PUFAs are substitutable dietary resources, at least in regard to their effects on reproduction (Martin-Creuzburg et al., 2010; MartinCreuzburg et al., 2012) . DHA was found to be the most important PUFA in copepods, increasing egg production and the hatching success in (marine) copepods ( Jónasdóttir et al., 1995; Arendt et al., 2005; Evjemo et al., 2008) . PUFAs are also needed by zooplankton to adapt to cold temperatures (Schlechtriem et al., 2006; Smyntek et al., 2008; Martin-Creuzburg et al., 2012; Sperfeld and Wacker, 2012) . However, ,2% of the total fatty acids in cladocerans were found to be synthesized de novo (Goulden and Place, 1990) , suggesting that most of the PUFAs detectable in cladocerans are of dietary origin.
The availability of dietary PUFAs may change seasonally with phytoplankton succession. Different phytoplankton groups are characterized by distinct PUFA profiles and/or concentrations of single PUFAs (Ahlgren et al., 1990) . During spring, phytoplankton is often dominated by EPA-rich diatoms, whereas in summer the proportion of diatoms is usually lower (Hartwich et al., 2012) . Seston PUFA concentrations may also be affected by abiotic factors, such as temperature or light intensity, which have been shown to be negatively correlated with the PUFA concentration in phytoplankton (Thompson et al., 1990; Thompson et al., 1992; Piepho et al., 2012) . Consequently, the seasonally changing PUFA supply caused by varying taxonomic composition and abiotic factors may influence the fatty acid accumulation of consumers.
The seasonality of PUFA accumulation has not been studied extensively. Kainz et al. (Kainz et al., 2008) used four dates in 1 year to investigate the accumulation of PUFAs in macrozooplankton and reported that the accumulation of PUFAs along a size gradient was highest during spring. Lau et al. (Lau et al., 2012) reported that the variation of fatty acid concentrations in nine lakes over three seasons was mainly explained by taxonomic differences and found no seasonal influences. Another study conducted over a growing season, focusing mainly on the correlations between seston and consumer fatty acids, found that the percentage of DHA within total fatty acids in Diaptomus showed pronounced seasonality (Ravet et al., 2010) . However, until now seasonal changes in PUFA accumulation at different consumer levels have not been studied. Here, we hypothesize that potential seasonal changes in PUFA accumulation may result from (i) adjustments in accumulation to compensate for the seasonally varying dietary PUFA supply, or (ii) changes in physiological PUFA requirements of consumers, e.g. during different life cycle stages or as an adaption to changing environmental factors such as temperature.
In the present study, a high-resolution sampling protocol was used to investigate the seasonality of the accumulation of PUFAs to evaluate differences in PUFA adjustment and demands in different consumer groups. We used canonical discriminant analyses (CDA) with subsequent multivariate analyses of variance (MANOVA) to identify PUFAs discriminating between different seston size fractions in oligotrophic Lake Constance. The seasonality of the accumulation of PUFAs was investigated in the seston size fraction .140 mm from fraction ,100 mm (including ,30 mm) and, as a separate group, the accumulation in Daphnia sp. from seston ,30 mm (Fig. 1) . We used a linear model approach to analyse PUFA accumulation in the size fraction .140 mm, consisting of various plankton groups, to identify the group(s) mainly influencing PUFA accumulation. Sampling was carried out weekly from April to November 2008 at a long-term sampling site situated in the deep north-western arm of the lake (Ü berlinger See, maximum depth ¼ 147 m). Water samples were integrated over the depth interval 0 -20 m, which represents approximately the euphotic zone of Lake Constance. Water was filtered through 100 mm and 30 mm meshes to obtain the different size fractions ,30 and ,100 mm (i.e. including , 30 mm). The size fraction .140 mm was sampled with a net haul from 20 to 0 m. From subsamples of plankton .140 mm, daphnids were hand-picked for separate analyses.
M E T H O D
For determination of particulate organic carbon (POC), the different size fractions were filtered onto precombusted glass fibre filters (Whatman GF/F, 25-mm diameter) and analysed using an NCS-2500 analyzer (ThermoQuest GmbH, Egelsbach, Germany) . For the analysis of fatty acids in the different size fractions, subsamples of 0.5 mg POC were filtered onto precombusted glass fibre filters (Whatman GF/F, 47 mm diameter). Lipids were extracted, transesterified into fatty acid methyl esters (FAMEs), identified and quantified by gas chromatography (6890N Network GC System, Agilent Technologies, Böblingen, Germany) according to Wacker and Weithoff (Wacker and Weithoff, 2009 ) with the following GC configurations: 1 mL of the sample was injected in the split mode (5:1), vaporized in the injector at 2508C and mixed with the carrier gas (helium). FAMEs were separated using a polysiloxane column (Agilent Technologies J&W DB-225, 30 m Â 0.25 mm Â 0.25 mm) and a temperature gradient (608C for 1 min, increasing 208C min 21 until 1508C, 108C min 21 until 2208C, for 13.75 min). FAMEs were detected using a flame ionization detector at 2508C and quantified by comparison with internal standards and by using multipoint standard calibration curves determined for each FAME from mixtures of known composition. FAMEs were identified via known retention times of reference substances (47885-U, Supelco 37 component FAME mix, Sigma-Aldrich, Steinheim, Germany). Double bonds of 18:3* and 18:4* were identified by comparison with known retention times of different Chlamydomonas extracts containing 18:3(5,9,12) and 18:4(5,9,12,15) as particular fatty acids (Giroud et al., 1988; Trémolières, 1998) . The standard calibration curve of 18:3n-6 and 18:3n-3 was used for the quantification of 18:3* and 18:4*, respectively. The detection level was 40 ng mg C 21 . Phytoplankton, ciliates, and rotifers in the different fractions were assessed by the Utermöhl technique and crustaceans by light microscopy. For the conversions of organism counts into units of carbon (mg C L 21 ), conversion factors determined for Lake Constance or from the literature were used (for details, see Gaedke, 1992) .
Statistical analysis
We used CDA with the size fractions ,30, ,100, .140 mm and Daphnia as groups to determine whether PUFAs with 18 and more carbon atoms (calculated as arcsine square root transformed relative proportion) discriminated between the groups. A subsequent MANOVA with the potentially important PUFAs identified by the CDA was carried out to assess whether differences in PUFA composition (log mg PUFA mg C 21 ) between the size fractions and Daphnia were significant.
Potential feeding interactions expected between the seston size fractions are illustrated in Fig. 1 . For the size fraction .140 mm, we defined the potential food size as ,100 mm, because of the various zooplankton groups in this fraction, assuming that the whole size range might be covered by their feeding. While Daphnia can take up particles in the range of 1 -30 mm (Burns, 1968) , copepods can feed on particles in the range of 2 -250 mm, depending on their developmental stage (Berggreen et al., 1988) , and predatory rotifers such as Asplanchna feed on small rotifers 70 mm in length (Sarma and Nandini, 2007) . The accumulation in Daphnia was calculated by division with fatty acids (mg mg C
21
) in seston ,30 mm, and the accumulation in the size fraction .140 mm was calculated by division with fatty acids in the size fraction ,100 mm. We used a one-sample t-test to check if the accumulation of fatty acids was different from 1. This gives information on whether a PUFA is concentrated (accumulation factor .1), not concentrated (¼1) or "diluted" (,1) in a consumer compared with its food. To analyse seasonal changes in fatty acid accumulation, the annual cycle was subdivided into different phases. Phase 0 (spring) was excluded from analyses due to the low number of samples. Phase 1a (early summer, n ¼ 7) and Phase 2 (late summer and autumn, n ¼ 9) were used for analyses of differences in PUFA concentration and accumulation in the different seston size fractions, because only during these phases were fatty acid data for Daphnia available, i.e. no data points were available between 01. 07.2008 and 19.08.2008 (mid-summer values, Phase 1b) .
Differences in fatty acid concentrations (mg mg C -1 ) were tested using two-way ANOVA with (i) the size fractions ,30, ,100, .140 mm and Daphnia and (ii) the seasonal phase as factors. Differences among levels of factors were evaluated by Tukey's HSD post hoc tests. Differences in the accumulation of PUFAs between the two "consumer" size fractions (.140 mm, Daphnia), and between the two phases were analysed accordingly. To assess which plankton groups in the size fraction .140 mm were responsible for the observed accumulation of fatty acids, we used a linear model with 'phase' as a factor and arcsine square root transformed proportions of the biomass of the different plankton groups as covariate. The separate group 'Daphnia', which per definition has a proportion of 100% Daphnia, was not included in this calculation. Instead, we used the complete data set including the mid-summer values (Phase 1b), resulting in n ¼ 21 for .140 mm.
Since the food quantity may influence PUFA accumulation in consumers, we tested for differences in the quantity (mg C L
) of the fractions ,30 and ,100 mm between Phases 1a and 2 using two-sample t-tests.
A correlation analysis was performed to find potential correlations between the PUFA concentrations in the different size fractions and the concentration in their respective food (i.e. Daphnia versus seston ,30 mm, .140 versus ,100 mm).
All analyses were performed using the software package R (version 2.13.0, R Development Core Team, http://www.r-project.org).
R E S U LT S Seston biochemical and taxonomic composition
The two-way ANOVA performed to assess differences in PUFA concentrations (mg mg C
21
) among the size fractions and between Phases 1a and Phase 2 revealed significant differences between the size fractions for all PUFAs considered, but differences between the two phases were significant only for ARA and DHA (Table I ; Fig. 2 ). Tukey's HSD post hoc test revealed a decrease in the concentration of ARA in seston ,30 mm and an increase in the concentration of DHA in the size fraction .140 mm from early summer to late summer/autumn.
PUFA concentrations in Daphnia and in the fraction .140 mm were not correlated with the respective fatty acids in their food size fraction (,30 and ,100 mm, respectively; Supplementary data, Table SI ). The results were also not significant when a 1-week lag was considered between PUFA concentration in the food fraction and the consumer fraction (Supplementary data, Table SII) .
To determine whether observed increases of PUFA accumulation were based on an increase in food availability, the POC concentration in the food fractions was analysed for differences between the phases investigated. In the fraction ,30 mm, carbon concentrations during early summer (0.26 + 0.05 mg C L
) and late summer/ autumn (0.21 + 0.05 mg C L 21 ) were similar (t ¼ 1.9, df ¼ 7,77, P ¼ 0.09). In the fraction ,100 mm, carbon concentrations also remained at a rather constant level of 0.38 + 0.1 mg C L 21 in early summer and 0.26 + 0.05 mg C L 21 in late summer/autumn (t ¼ 2.6, df ¼ 5,02, P ¼ 0.05; Fig. 3 ).
In the size fraction .140 mm, phytoplankton made up 85% of the biomass during Phase 1, and in Phase 2 the phytoplankton proportion increased from 6 to 69% (Fig. 4) . The proportion of Daphnia ranged from 2 to 64% in Phase 1 and up to 45% in Phase 2. Copepods contributed up to 71% of the biomass in Phase 1, whereas in Phase 2 their proportion decreased from 59 to 22%. The proportion of Leptodora showed two peaks in the phases investigated (35% in Phase 1 and 22% in Phase 2, respectively) but was usually ,10%. Rotifers and nauplii contributed only low proportions of ,8% in the size fraction .140 mm, and the proportion of ciliates was ,0.04%.
Canonical discriminant analysis
The CDA revealed that the three size fractions and Daphnia differed with respect to the different PUFAs. The first canonical axis explained 74% of the variability and was negatively associated with DHA (r ¼ 20.69) and dihomo-g-linolenic acid (DGLA; r ¼ 20.67; Table II ). The consumer group Daphnia was clearly separated from the other groups with respect to DHA and DGLA (Fig. 5a ). The second axis explained 25% of the variability and was negatively correlated with EPA (r ¼ 20.67). The third canonical axis explained 1% of the variability and was negatively associated with ALA (r ¼ 20.52; Fig. 5b ). The subsequent MANOVA performed with those PUFAs that correlated best with the canonical axes (ALA, DGLA, ARA, EPA and DHA) confirmed that all size fractions and Daphnia were significantly different from each other regarding their PUFA concentrations (Pillai test statistic: F ¼ 5.2, P , 0.001).
Accumulation
The size fraction .140 mm and Daphnia differed regarding their PUFA accumulation. Daphnia accumulated ALA, ARA and EPA from seston ,30 mm, whereas DGLA and DHA were not accumulated (Table III; Fig. 6a, b) . In the size fraction .140 mm, all the PUFAs, except DGLA, accumulated from ,100 mm (Table III; Fig. 6c, d) .
A two-way ANOVA revealed that the accumulation of PUFAs, with the exception of ALA, differed between the size fraction .140 mm and Daphnia (Table IV) , and also suggested significant interactions between the factors 'size fraction' and 'phase' (Phase 1a and Phase 2) for ARA and DHA. Tukey's HSD post hoc test showed that the accumulation of PUFAs, with the exception of ALA, differed between Daphnia and the size fraction .140 mm. The accumulation of ARA in Daphnia, as well as the accumulation of DHA in the size fraction .140 mm, was both higher during Phase 2 (late summer/autumn) than during Phase 1a (early summer).
The correlation between PUFA accumulation and the proportion of plankton groups revealed that the proportions of phytoplankton and the observed accumulation of PUFAs in the size fraction .140 mm were not correlated, indicating that the accumulation was not caused by the proportion of phytoplankton (Table V) . Instead, the PUFA accumulation was influenced by the zooplankton groups present in this size fraction. The proportion of copepods in this size fraction correlated best with PUFA accumulation. In general, a higher proportion of copepods in the .140 mm size fraction resulted in a higher accumulation of ARA and DHA (Table V, Fig. 7 ). Moreover, a more detailed analysis of the data set revealed seasonal differences in the relationship between the proportion of copepods and the accumulation of ARA, EPA and DHA in the .140 mm size fraction. During early summer, a positive relationship between copepod proportion and PUFA accumulation was apparent (Table V, Fig. 7 ). In contrast, during late summer and autumn, the decreasing proportion of copepods was associated with an increasing accumulation of ARA, EPA and DHA. The proportion of Daphnia in the size fraction .140 mm was related to a . Left-hand panels show n-6 fatty acids, right-hand panels show n-3 fatty acids. Note the different scaling of the y-axes. Vertical full lines divide the sampling period into spring and clear water phase (0), early and mid-summer (1) and late summer and autumn (2). Phase 0 was not used in any analyses due to a low sample number. Phase 1 is subdivided into Phase 1a and 1b depicted with a dashed line, because during Phase 1b no data for Daphnia as a separate fraction were available. For values below the detection level, we used zero replacement values (half of the detection level; 20 ng mg C
21
) for the illustration of fatty acid concentrations.
higher accumulation of ARA during late summer and autumn (Table V, Fig. 7 ). The contribution of ciliates to PUFA accumulation in this size fraction could not be calculated, because on 12 dates no ciliates were detected. PUFA accumulation in fraction .140 mm was not significantly affected by the proportion of rotifers. Nauplii proportions correlated significantly positively with ARA accumulation in general and were positively associated with higher ARA accumulation during late summer and spring.
D I S C U S S I O N
We show here that the accumulation of certain PUFAs differs both between the size fraction .140 mm and Daphnia and between different seasons and that this information may be used to draw conclusions on the changing PUFA requirements of consumers and their adjustments on PUFA assimilation during the growing season. We discuss the hypotheses: (i) that a consumer adjusts the accumulation in order to keep the body concentration of a certain PUFA constant in spite of seasonally changing dietary PUFA supply, and (ii) that a consumer adjusts the accumulation because of changing demands.
Daphnia
In Daphnia, the ARA concentration per unit carbon was constant throughout the year, whereas the availability of ARA in their food decreased in late summer and autumn. Consequently, the accumulation of ARA in Daphnia was higher during late summer and autumn than in early summer. This suggests that the efficiency of ARA accumulation increased as a response to the decreasing dietary ARA supply and thus supports our hypothesis that Daphnia may actively adjust their assimilation and/or retention of ARA. A high retention of ARA at low dietary supply has already been demonstrated in a laboratory study with Daphnia (Taipale et al., 2011 ). An increased uptake of ARA-rich plankton organisms appears rather unlikely, because daphnids are unselective filter feeders and do not select food particles with regard to their nutritional quality (DeMott, 1986) . To some extent, adverse effects associated with seasonal changes in dietary ARA concentrations may be counteracted by converting linolenic acid or 22:5n-6 into ARA (Brett et al., 2006; Taipale et al., 2011) , a process that may increase with decreasing dietary ARA supply. The increased ARA accumulation in Daphnia in late summer and autumn was as well reflected in the size fraction .140 mm, in which daphnids were also represented. Food quantity is a factor that can influence the transfer of energy and fatty acids considerably (Persson et al., 2007; Gladyshev et al., 2011) . Thus, changes in food quantity may probably influence the accumulation of PUFAs. When food quantity and PUFA accumulation increase simultaneously while the amount of PUFA per unit carbon in the food remains constant, this could result in a higher amount of PUFA per volume available for the consumer, and does not necessarily indicate a changed intensity of accumulation in the consumer. In contrast, a constant or decreased food quantity and a simultaneous increase in PUFA accumulation may indicate an active increase of accumulation in the consumer rather than a passive increase by food quantity. The latter was the case in our data, as the carbon concentrations of the food fraction ,30 mm were similar during early summer and late summer/autumn, which supports our conclusion that Daphnia actively increased accumulation of ARA when the supply declined.
In general, the accumulation of EPA in Daphnia was high, which may reflect its physiological importance. The EPA concentration in Daphnia did not correlate with the concentration of EPA in seston ,30 mm. The EPA concentration in Daphnia, the EPA concentration in seston, and the EPA accumulation did not differ between early summer and late summer/autumn. The high accumulation and the constant concentration of EPA in Daphnia suggest that EPA is subject to homoeostatic regulation. Taking into account that EPA might be converted from ALA or DHA (Weers et al., 1997; Von Elert, 2002; Martin-Creuzburg et al., 2010) , the lack of correlation between EPA concentrations in Daphnia and seston ,30 mm may result from a high Daphnia ,** .140 mm ,*** Sections II and III show results of Tukey's post hoc tests; section II shows P-values (depicted as stars) for differences in accumulation between the size fractions and section III shows results for differences in accumulation between Phases 1a and 2 within each size fraction. Greater-than and less-than signs indicate in which fraction or phase a fatty acid accumulation was higher or lower, depending on the order of fractions and phases in the third column.
a For DGLA df ¼ 1.27. *P , 0.05. **P , 0.01. ***P , 0.001. Significant correlations between accumulation and proportions were positive. Ciliate proportions in fraction .140 mm were excluded from the analysis due to the low number of observations (see Fig. 4 ). Results for rotifers in .140 mm were not significant and are not shown. Note that the proportion of Daphnia was derived from the size fraction .140 mm (Fig. 4) , and accumulation used for correlations were also derived from this size fraction ( Fig. 6c and d ). a For DGLA df ¼ 1.16.
*P , 0.05. **P , 0.01. flexibility in the retention and assimilation of EPA in Daphnia even to short-term changes in EPA supply.
Size fraction .140 mm
In the size fraction .140 mm, the accumulation of DHA increased in late summer/autumn, which was caused by an increase in the DHA concentration in this fraction, while DHA concentrations in its potential food fraction, i.e. size fraction ,100 mm, remained constant. The increase in DHA concentrations in the size fraction .140 mm was presumably not caused by the observed higher phytoplankton proportions in autumn. Despite the temporarily higher proportion of phytoplankton in the fraction .140 mm, we found no correlation between phytoplankton and PUFA accumulation (Table V) . Moreover, the DHA concentrations that would have been needed to result in such a high accumulation as measured in the fraction .140 mm are usually not found in phytoplankton. In the entire phytoplankton fraction, a DHA concentration of at least 23 mg mg C 21 would have been required to account for this accumulation, which is much higher than the DHA concentrations of single freshwater algae reported in the literature (e.g. 11 mg mg C 21 in Cryptomonas phaseolus) (Boëchat and Adrian, 2005) . The proportion of nauplii in this size fraction was positively associated with ARA accumulation. However, compared with other plankton groups, the proportion of nauplii was relatively low (,5% with one exception), suggesting that this represents a spurious correlation. The proportion of Daphnia in the fraction .140 mm was positively associated with higher ARA accumulation in late summer/autumn, and the proportion of copepods correlated positively with the increased accumulation of ARA, EPA and DHA. This suggests that PUFA accumulation in this (Table V) and do not indicate significant slopes or regression lines. The text in the lower left corners give information on the significant independent variables and interactions, respectively, as depicted in Table V . Note that the data are exclusively derived from the size fraction .140 mm including the proportion of Daphnia, which was derived from individuals counted in this fraction (cf. Fig. 4 ). Note the different scaling of y-axes.
size fraction was predominantly influenced by copepods, which can contain up to 35 mg EPA mg C 21 and 48 mg DHA mg C 21 (Ahlgren et al., 2005) . Furthermore, during late summer and autumn, an increased DHA and ARA accumulation was related to a decreased proportion of copepods. This suggests that the demand for DHA, and probably PUFAs in general, in copepods was higher later in the season. Copepods can feed selectively (Hansen, 2000) and thus may increase the ingestion of DHA-rich plankton. Another possibility would be the conversion of EPA into DHA (Persson and Vrede, 2006; Smyntek et al., 2008) . That food quantity influenced the increased accumulation of DHA can be excluded because the concentration of carbon in the food fraction ,100 mm was similar during late summer/autumn and early summer. DHA was found to be more efficient in maintaining membrane fluidity than other PUFAs at low temperatures (Niebylksi and Salem, 1994) , whereas another study found no difference between DHA and monounsaturated fatty acids in affecting membrane fluidity (Stillwell and Wassall, 2003) . Still, copepods may have actively increased the accumulation of this fatty acid during autumn as a response to decreasing temperatures to enable overwintering as was previously shown for marine copepods (McMeans et al., 2012) and suggested for freshwater copepods (Smyntek et al., 2008) , or possibly other factors such as day length may have triggered the observed increase in accumulation.
The differences in PUFA accumulation between cladocerans and copepods may be explained by different physiological demands, which are probably linked to their different life history and life cycle strategies. Cladocerans usually overwinter as resting eggs and thus may have a lower demand for DHA than the actively overwintering copepods (Smyntek et al., 2008) . Furthermore, it has been suggested that copepods may have a high demand for DHA due to their more highly developed nervous system (Persson and Vrede, 2006) . A sufficient dietary supply with DHA has been shown to be of great importance for egg production and hatching time in copepods (Evjemo et al., 2008; Jónasdóttir et al., 2009) . In contrast, cladocerans (i.e. Daphnia), which usually have a shorter generation time than copepods, in particular rely on a dietary supply containing sufficient EPA for proper growth and especially reproduction (Sundbom and Vrede, 1997; Wacker and Martin-Creuzburg, 2007 ).
Correlation of PUFAs between different size fractions and with their potential food
The PUFA concentrations in the size fraction .140 mm and in Daphnia were not correlated with PUFAs in their respective food, which contrasts with other studies reporting strong correlations between fatty acids in zooplankton and their food (e.g. Taipale et al., 2009; Gladyshev et al., 2010; Burns et al., 2011) . Hessen and Leu (Hessen and Leu, 2006 ) assumed a turnover rate of the fatty acid pool in Daphnia of 3 days, whereas Taipale et al. (Taipale et al., 2009) found that the fatty acid profile of Daphnia was better correlated with the fatty acid profile of seston from 7 days earlier. To preclude that the lack of correlation in our study was caused by such a time lag of adjustment of the fatty acid composition in zooplankton, we also correlated fatty acids in size fractions and Daphnia with fatty acids in their potential food 1 week earlier but still did not find any correlation. This lack of correlation may be based on the ability of zooplankton to metabolically adjust their fatty acid composition via specific retention, assimilation, biosynthesis and/or conversion of fatty acids. Such adjustments have been described for Daphnia, which retained EPA and ARA for 14 days when their food was changed from a high to low quality in terms of fatty acids, while a switch from lowto high-quality food resulted in an increase of ARA and EPA uptake after 2 days (Taipale et al., 2011) . Thus, Daphnia may be able to actively retain a certain body PUFA composition but at the same time may efficiently use "pulses" of PUFAs, which may explain why PUFA concentrations in Daphnia, and possibly zooplankton in general, are weakly correlated with that of their food when the supply varies on a short-term scale.
C O N C L U S I O N S
Our study suggests that Daphnia and copepods follow different strategies of PUFA accumulation. Daphnia seem to adjust their PUFA accumulation to the seasonally changing dietary supply in order to cover their rather constant physiological demands. Copepods appear to adjust their PUFA accumulation to their seasonally changing physiological requirements associated with their life history strategy, i.e. active overwintering, as suggested indirectly by the observed accumulation in the .140 mm seston fraction. Consequently, such seasonality of PUFA accumulation as we found here should be taken into account when investigating accumulation in the field, because very different results may be obtained depending on the time scale analysed. The seasonality of accumulation we found in the consumers may also have consequences for higher trophic levels, e.g. planktivorous fish. PUFA concentrations in cladocerans appeared to be rather constant; hence their nutritional value for fish, in terms of PUFA provisioning, should not change during the season. The nutritional value of copepods for fish is generally higher than that of the cladocerans, presumably because of their higher DHA content (Gapasin and Duray, 2001) . The higher DHA concentration that seemed to be linked to the proportion of copepods during late summer and autumn probably increased their nutritional value for fish. Hence, seasonal changes in PUFA accumulation may influence the trophic transfer of these essential nutrients in aquatic food webs and may thus also affect the performance of consumers at higher trophic levels.
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